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Photovoltaic (PV) Systems
Photovoltaics (PV) are semiconductor devices that convert sunlight directly into electricity. They do so without any moving parts and without generating any noise or pollution. They must be mounted in unshaded locations: rooftops, carports and groundmounted arrays are common mounting locations. PV systems are well suited to the sunny Riverside, California area, where the average global horizontal annual solar resourcethe total solar radiation for a given location, including direct, diffuse, and groundreflected radiation-is 5 kWh/m 2 /day, which is excellent.
This number, however, is not the amount of energy that can be produced by a PV panel in this location. The amount of energy produced by a panel depends on the several factors, including the type of collector, the tilt and azimuth of the collector, the module temperature, the level of sunlight and the weather conditions. An inverter is required to convert the direct current (DC) to alternating current (AC) of the desired voltage compatible with building and utility power systems. The balance of the system consists of conductors/conduit, switches, disconnects and fuses. Grid-connected PV systems feed power into the facility's electrical system and do not include batteries. Figure 1 shows the major components of a grid-connected PV system and illustrates how these components are interconnected. PV panels are very sensitive to shading. When shade falls on a panel, that portion of the panel is unable to collect the high-energy beam radiation from the sun. PV panels are made up of many individual cells that all produce a small amount of current and voltage. These individual cells are connected in series to produce a larger current. If an individual cell is shaded, it acts as resistance to the whole series circuit, impeding current flow and dissipating power rather than producing it. The NREL solar assessment team uses a Solmetric™ solar path calculator to assess shading at particular locations by analyzing the sky view where solar panels will be located. By finding the solar access, the NREL team can determine if the area is appropriate for solar panels.
If a site is found to have much potential for a PV system, the next step is to determine the size of the system. System size depends highly on the average energy use of the facilities on the site. It is generally not advisable to provide more energy than the site will use due to the economics of most net metering agreements.
Types of PV Systems
Ground-Mounted Systems
Ground-mounted PV systems are usually the lowest cost option to install on a $/DC-Watt basis. There are several mounting options available, each having different benefits for different ground conditions. Table 1 outlines the energy density values that can be expected from each of the different system types. Due to the lack of hybrid HE panels as a significant portion of the commercial market, they were not included in the financial analysis. Installing panel types that do not hold a significant portion of the commercial market would not be feasible for a large-scale solar generation plant. For the purposes of this analysis, it was assumed that crystalline silicon PV panels are used. In order to get the most out of the ground area available, it is important to consider whether the site layout can be improved to better incorporate a solar system. If there are unused structures, fences, or electrical poles that can be removed, the un-shaded area can be increased to incorporate more PV panels. When considering a ground-mounted system, an electrical tie in location should be identified to determine how the energy would be fed back into the grid. For this report, only fixed axis ground-mounted systems and single axis tracking systems will be considered. Fixed tilt systems are installed at a specified tilt, and are fixed at that tilt for the life of the system. Single axis tracking systems have a fixed tilt (horizontal in this case) on one axis and a variable tilt on the other axis. The system is designed to follow that sun in its path through the sky. This allows the solar radiation to strike the panel at an optimum angle for a larger part of the day than can be achieved with a fixed axis system. A zero tilt (horizontal) single axis tracking system will collect about 18% more electricity per capacity (kW) than a fixedtilt (non-tracking) system at Stringfellow. The drawbacks include increased operation and maintenance (O&M) costs, less capacity per unit area to avoid self-shading (DCWatt/ft2), and greater installed cost ($/DC-Watt). The annual energy production per unit area (kWh/ft2) is slightly less with single axis tracking, but adequate land should be available at Stringfellow, so this is not an issue. The performance specifications will allow either fixed tilt or single axis tracking at any tilt; the evaluation criteria will include O&M costs.
Roof-Mounted Systems
In many cases, the roof is the best location for a PV system. On this site, no roof area is available, so roof-mounted analysis will not be conducted.
PV System Components
The PV system considered here has these components:
• PV arrays, which convert light energy to DC electricity
• Inverters, which convert DC to alternating current and provide important safety, monitoring and control functions
• Various wiring, mounting hardware, and combiner boxes
• Monitoring equipment
PV Array
The primary component of a PV system, the PV array, converts sunlight to electrical energy; all other components simply condition or control energy use. Most PV arrays consist of interconnected PV modules that range in size from 50 peak DC-Watts to 300 peak DC-Watts. Peak watts are the rated output of PV modules at standard operating conditions of 25°C (77F) and insolation of 1,000 Watts/m². Because these standard operating conditions are nearly ideal, the actual output would be less under typical environmental conditions. PV modules are the most reliable components in any PV system. They have been engineered to withstand extreme temperatures, severe winds and impacts. ASTM E1038-05 2 subjects modules to impacts from one-inch hail balls at terminal velocity (55 mph) at various parts of the module. PV modules have a life expectancy of 20-30 years, and manufacturers warranty them against power degradation for 25 years. The array is usually the most expensive component of a PV system; it accounts for approximately two-thirds the cost of a grid-connected system. A large choice of PV manufacturers is available. 
Inverters
PV arrays provide direct current power at a voltage that depends on the configuration of the array. This power is converted to alternating current at the required voltage and number of phases by the inverter. Inverters enable the operation of commonly used equipment such as appliances, computers, office equipment and motors. Existing inverter technology provides true sine wave power at a quality often better than that of the serving utility. The locations of both the inverter and the balance of the system equipment are important. 
Operation and Maintenance
The PV panels come with a 25-year performance warranty. The inverters, which come standard with a five-year or ten-year warranty (extended warranties available), would be expected to last 10-15 years. System performance should be verified on a vendor provided web site. Wire and rack connections should be checked annually. This economic analysis uses an annual O&M cost computed as 0.17% of the total installed cost, which is based on the historical operation and maintenance (O&M) costs of installed fixed-axis grid tied PV systems. For the case of single-axis tracking, the analysis uses an annual O&M cost of 0.35% of total installed cost based on the historical costs existing single-axis tracking systems.
PV Size and Performance
The PV arrays must be installed in unshaded locations on the ground or on building roofs that have an expected life of at least 25 years. For this assessment, the predicted array performance was determined using PVWatts, TM a performance calculator for gridconnected PV systems created by NREL's Renewable Resource Data Center. 7 The performance data was used to calculate the amount of revenue that could be expected each year. The project economics were based on this analysis; the calculations can be found in Appendix B. 3 Photovoltaic (PV) Sites 3.1 PV Size and Performance PV arrays must be installed in un-shaded locations on the ground or on building roofs that have an expected life of at least 25 years. The site has excellent annual solar access of 96% based on solar access measurements taken during the site visit; see Appendix C for details. The predicted array performance was found using PVWatts Version 2 for Riverside, California.
8 Table 2 shows the station identification information, PV system specifications, and energy specifications for the site. 
Energy Specifications
Cost of Electricity 13.0 ¢/kWh Table 3 shows the performance results in kWh/kW for 20-degree fixed-tilt PV from PVWatts for Riverside. Table 4 shows the performance results for 0-tilt single-axis tracking PV from PVWatts for Riverside. Table 5 . Table 6 and  Table 7 describe seasonal and time-of-use energy rates during the summer season. 9 Detailed rate schedule is available at http://www.sce.com/NR/sc3/tm2/pdf/ce43-12.pdf. This detailed rate schedule does not contain information on different on and off-peak rates as described above. The electric bills were annualized, and it was determined that the rates are higher in the summer season, but on-and offpeak rates are not currently being charged. Rate schedule PA-2, an "agricultural and pumping" rate, is used for most of the site. For more information, see http://www.sce.com/NR/rdonlyres/ 7E7A46DB-7DDD-468F-A3C8-8F187C68F06C/0/081212_Power_Agriculture_2.pdf. Tables 6, 7 , and 8 show the time-of-use (TOU) PA-rate PA-2 and TOU-PA rate schedules. The PA-2 schedule is a seasonal rate (winter and summer) that includes a periodic demand charge based upon the peak electrical load realized in any 15-minute interval during the billing period. The current demand charge is approximately one-third of cost billed to the pump and treat plant (PTP) account. An analysis of the 15-minute interval data by DTSC indicates that the peak demand during the last 12 months was 192 kW. If the PTP demand increases to 200 kW, the utility would require that DTSC switch the PTP to the time-of-use rate schedule, TOU-PA. Schedule TOU-PA has energy rates for off-peak, mid-peak, and on-peak periods during summer and winter months. In addition, schedule TOU-PA includes a service charge or demand charge, depending upon which of two options, "Rate A" or "Rate B," is elected under the schedule. According to a SCE rate analyst 10 , Rate A likely would be the better option for the PTP. 11 NREL recommends consideration of TOU PA Rate B because most motors at the treatment plant are on variable speed drives which limit demand kW as compared to Rate A based on motor name plate HP. Rate B has lower On-Peak and Mid-Peak Rates. NREL did not conducted detailed rate analysis for the Stringfellow site but has analyzed similar TOU rates in San Diego and determined that the combination of low demand charges, low offpeak rates and low energy use during peak hours (due to the PV system's contribution) results in the lowest cost. under Sec. 1251, all public electric utilities are required upon request to make net metering available to their customers. :
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(11) NET METERING.-Each electric utility shall make available upon request net metering service to any electric consumer that the electric utility serves. For purposes of this paragraph, the term 'net metering service' means service to an electric consumer under which electric energy generated by that electric consumer from an eligible on-site generating facility and delivered to the local distribution facilities may be used to offset electric energy provided by the electric utility to the electric consumer during the applicable billing period.
California's net-metering law, 14 Net excess generation (NEG) is carried forward to a customer's next bill. Under prior law, any NEG remaining at the end of each 12-month period was granted to the customer's utility. In 2009, California Assembly Bill 920 (AB920) which took effect in 1996, requires utilities to offer net metering to all customers with solar and wind-energy systems up to 1 megawatt (MW).
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Renewable energy certificates (RECs) gave net metering customers two additional options for the NEG remaining after a 12-month period. They can roll over any remaining NEG from month-to-month indefinitely, or they can receive financial compensation from their utility for the remaining NEG. By January 1, 2011, the California Public Utilities Commission (CPUC) must develop a compensation valuation for the remaining NEG if customers choose the financial compensation option. The ratemaking authorities of publicly-owned utilities must develop their own compensation methods for the remaining NEG through public proceedings. By January 31, 2010, utilities must notify all of their net metering customers of these new options. If the customer makes no affirmative election for either option, the utility will be granted their NEG at the end of the 12-month period with no compensation to the customer. , also known as green certificates, green tags, or tradable renewable certificates, are tradable commodities in the United States that represent proof of electric energy generation from eligible renewable energy resources (renewable electricity). The RECs that are associated with the electricity produced and are used on-site remain with the customer-generator. If, however, the customer chooses to receive financial compensation for the NEG remaining after a 12-month period, the utility will be granted the RECs associated with only that surplus they purchase.
http://frwebgate.access.gpo.gov/cgi-in/getdoc.cgi?dbname =109_cong_bills&docid=f:h6enr.txt.pdf.
California does not allow any new or additional demand charges, standby charges, customer charges, minimum monthly charges, interconnection charges, or other charges that would increase an eligible customer-generator's costs beyond those of other customers in the rate class to which the eligible customer-generator would otherwise be assigned. The CPUC has explicitly ruled that technologies eligible for net metering (up to 1 MW) are exempt from interconnection application fees, as well as from initial and supplemental interconnection review fees.
Publicly owned utilities may elect to provide co-energy metering, which is the same as net metering, except that it incorporates a time-of-use (TOU) rate schedule. Customergenerators with systems sized between 10 kW and 1 MW, who are subject to time-of-use rates, are entitled to return electricity to the system for the same TOU (including realtime) price that they pay for power purchases. However, TOU customers who choose to co-energy meter must pay for the metering equipment capable of making such measurements. Customer-generators retain ownership of all RECs associated with the generation of electricity they use on site.
Virtual Net Metering
California Assembly Bill 2466 (AB 2466), 17 codified as Section 2830 of the Public Utilities Code, was signed into law by Governor Schwarzenegger in September 2008 and became effective on January 1, 2009. The law allows a local government to install renewable generation of up to 1 MW at one location within its geographic boundary and to generate credits that can be used to offset charges at one or more other locations within the same geographic boundary. This billing arrangement is called virtual net metering (VNM).
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The California State Legislature defined local government to include cities, counties, school districts, special districts, political subdivisions or other local public agencies that are authorized to generate electricity. The legislature decided that the tariff would not be available for the state, any agency or department of the state, or any joint powers authority. Because the site is a state site, it probably does not qualify under AB2466 for VNM. However, SCE could allow VNM if they choose to. The SCE customer representative for the site customer should be asked if VNM whether an option.
IF SCE were to allow VNM, energy use for the entire site could be offset by a larger system. This would also allow a lower installation cost because all PV could be fed into the closest SCE connection point rather than having to tie into the treatment plant distribution panel, which is about 400 feet away. The connection point could also be used for the future plant. A new transformer may be required. A "feed in" meter would be installed and would credit the other meters on site. The cost of a new meter and tie-in is assumed to be $10,000 for this economic analysis.
Because it is unknown whether SCE will allow VNM, these options were analyzed:
• Size the installed PV system to offset the annual load of the existing treatment plant, which is about 430,000 kWh. Tie the PV system into the existing plant after the meter, which would require about 400 feet of new overhead transmission line at 480V. Recent case studies have quoted the costs of new transmission lines at $1.5 Million per mile installed.
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• Size the installed PV system to offset the annual load of the existing treatment plant, which is about 648,000 kWh. Tie the PV system into the existing SCE distribution at the closest available location and feed a new meter for VNM. The cost of the SCE tie-in was assumed to be $10,000.
Therefore, the new transmission will add an estimated $120,000. 
PV Location
The proposed PV system would be located in the existing truck parking area, which is visible in the bottom center of Figure c) Electrical distribution panels serving existing plant. 
Assumptions and Input Data for Analysis
For this analysis, the following input data were used. The installed cost of fixed tilt ground-mounted systems was assumed to be $5/W, and the installed cost of a single-axis was assumed to be $6/W. These prices include the PV array and the balance-of-system (BOS) components for each system, including the inverter and electrical equipment, as well as the installation cost. The economics of grid-tied PV depend on incentives, the cost of electricity, the solar resource, and panel tilt and orientation. For this analysis, the cost of electricity was assumed to be $0.13 as reported by the State of California based on electric bills for the site. A system DC to AC conversion of 77% was assumed. This included losses in the inverter, wire losses, PV module losses, and losses due to temperature effects, and other losses. Figure 7 summarizes average system installation costs for grid-tied U.S. PV systems in 2008; however, the costs have dropped significantly since 2008. PVWATTS Version 2 was used to calculate energy performance.
It was assumed for this analysis that federal incentives are received. It is important to find incentives or grants to make PV cost effective. If the PV system is owned by a private tax-paying entity, this entity may qualify for a 30% federal tax credit and accelerated depreciation on the PV system, which is worth about 15%. The total potential tax benefits to the tax-paying entity are about 45% of the system cost. Because the state and federal governments do not pay taxes, private ownership of the PV system would be required to capture tax incentives.
Other Incentives and Financing Opportunities
The Database of State Incentives for Renewable Energy (DSIRE) provides a summary of net metering, interconnection and incentives available to customers. The utility for the site is SCE.
Net Metering Agreement-California's net-metering law, which took effect in 1996, requires all utilities, to offer net metering to all customers for solar and wind-energy systems up to 1 megawatt (MW).
Interconnection-Net metering in California applies to renewable-energy systems up to 1 MW in capacity and includes provisions for TOU net metering. Net-metered systems up to 1 MW are exempt from paying costs associated with the interconnection studies, distribution system modifications or application review fees discussed below.
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Performance-based incentives (PBI) for systems that are 30 kW and larger began in 2007 at $0.39/kWh for the first five years for taxable entities and at $0.50/kWh for the first five years for government entities and nonprofits. The incentive levels decline as the aggregate capacity of PV installations increases. PBI will be paid monthly based on the actual amount of energy produced over five years. Residential and small commercial projects under the 30-kW threshold can also choose to opt in to the PBI rather than the upfront Expected Performance-Based Buydown approach. However, all installations of 30 kW or larger must take the PBI. 22 The program is managed by Southern California Edison (SCE).
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Current incentives are $0.15/kWh for commercial customer-generators and $0.26/kWh for government and non-profit customer-generators. Locking in at the existing incentive level-when Step 7 is reached for SCE the incentives drop to $0.09/kWh for commercial customer-generators and to $0.19/kWh for government and non-profit customergenerators-is strongly recommended.
NREL also evaluated the SCE CREST program. 24 CREST is a PPA, not a net metering agreement like CSI. A Net Generation Output Meter ("NGOM") where SCE pays the owner for the energy generated. Stringfellow would still buy energy from SCE under the current rate. The CREST program uses a Season Period Energy Adjustment Factor (EAF) multiplied by the base rate for 25 years: The NREL Solar Advisor Model (SAM) was used to evaluate the economics of CREST versus CSI Steps 6 and 7, and the SAM input is shown above. The result is that CSI Steps 6 and 7 has far better economics that CREST, and most future Step in CSI will still have better economics. This is because the CREST program provides so little high revenue. On Peak and Mid Peak times, and the cost paid during off peak are poor. Participation in the current CREST program is not recommended. For detailed results, see Appendix D.
Several options are available for getting solar PV systems financed. One potentially feasible financing option is third-party ownership under a power purchase agreement (PPA). The PPA works by having a solar contractor install, finance, and operate the system while there is a contract in place for a utility company to purchase the electricity generated by the system. The system is financed by the solar contractor, and the payments are paid by the electricity that is sold to the utility. In this arrangement, the land that the solar system occupies must be leased to the owner of the system for the duration of the contract.
Conclusions and Recommendations
The site locations considered for a solar PV system in this report are excellent areas in which to implement solar PV systems. Using land that cannot be used for other purposes would minimize the environmental impact of a solar generation plant. Installing a PV system on the compromised land at the site would reduce the amount of energy used to run the Stringfellow treatment plant.
It is recommended that the site facilitator, the state of California, contact SCE and attempt to set up a VNM agreement for the site. When the system goes out to bid, a design-build contract should be issued that requests the best annual output (kWh/yr) at the best price and which lets the vendors optimize system configuration, including slope and the option for single-axis tracking. For multiple reasons-the high cost of energy, the dropping cost of PV, the existence of an excellent solar resource and excellent SCE incentives-a government-owned PV system provides a reasonable payback, is easy to implement, and is therefore recommended. If funding is not available, a third-party ownership PPA arrangement is the most feasible way for a system to be financed on this site. 
Appendix B. Assessment Assumptions and Assumptions for Calculations
